Plasma Ozonizer Using Micro-Converter for Ammonia (NH3) Decreasing in Shrimp Food Production  by Ketkaew, S.
Procedia Engineering 32 (2012) 148 – 154
1877-7058 © 2012 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.1249
Available online at www.sciencedirect.com
I-SEEC2011
Plasma Ozonizer Using Micro-Converter for Ammonia (NH3)
Decreasing in Shrimp Food Production
S. Ketkaew
Faculty of Engineering, Ramkhamhaeng University, Bangkok 10240, Thailand 
Elsevier use only: Received 30 September 2011; Revised 10 November 2011; Accepted 25 November 2011.  
Abstract 
This paper presents design of plasma ozonizer using high voltage high frequency in micro-converter for Ammonia 
(NH3) decreasing in shrimp food smell. This supply uses flyback converter at 1.5kVP, 30 kHz and controls its 
operation using pulse width modulation (PWM) techniques. Power MOSFET#IRFP460 is controlled by IC#TL494. 
The highly nonuniform electric field electrode tube of two level insulator cylindrical. The testing of plasma ozonizer 
using high voltage is 1.5 kVP, which ozone tube enables ozone gas generating capacity of 93.6 mgO3/hr which 
effectively decrease Ammonia (NH3) from 4.07 ppm to 2.15 ppm in shrimp food production.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Nowadays, ozone gas is brought to use many ways in every day life. In practice, ozone gas has both 
good and bad points – up to what to use for every day life. This is the result to find a method and control 
the ozone gas quantity in order to obtain a good result for the society as much as possible. The way is to 
construct the ozone gas generator with high voltage switching power supply. The occurred ozone is from 
the oxygen’s molecules dispersion. Oxygen was brought through the producing steps of a high voltage, 
which is from a high frequency high voltage switching power supply by using IC # TL494. This IC will 
generate the pulse-width modulation (PWM) to use for controlling the flyback converter, which has a 
Power MOSFET as a switching device. Power MOSFET is the voltage controlled device and need very 
low input current. Furthermore, there is a high speed switching nano seconds of the unit of very low 
timing that can provide a high frequency switching. This is the good point to apply with high frequency 
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job. In this case, the high frequency will be applied for a high frequency transformer to get a high voltage 
square wave about 10,000 volts.  Then, high voltage is supplied to the electrode plate. The energy from 
electric field is the factor that effects to the efficiency of producing ozone gas directly. The type of 
electrode tubes has to be supported for providing the corona effect to burst oxygen’s molecules. This 
takes place a kind of ozone gas from the equation, O2 + O = O3.
Fig. 1.  The equation of ozone gas generating 
Under high voltage condition, air can be broken down.  In addition, the deteriorated air can make the 
molecule’s structure changing to be ozone gas. However, the endurable limit of voltage effects to the 
break down of air, causing the generated ozone to vanish during heat from breaking down. Thus, to 
generate ozone gas, power and frequency have to be controlled. The energy consume for generating 
ozone gas is defined from the chemical energy that is between 493.2 kJ/mol – 682.8 kJ/mol [1].   
Fig. 2.  The process of ozone gas generating 
2. The principle of generating ozone gas   
Ozone gas is the gas occurred from 3 atoms of oxygen’s gathing. Oxygen bond can be burst if the 
outside energy is fed to oxygen gas: O2(g). The oxygen gas can be burst to be oxygen’s free atoms (O). 
Then, they are again gathered to O2 becoming to ozone gas O3. The energy of ozone gas is less than 
oxygen gas O2. In case of increasing energy to ozone gas O3, only a little energy can cause O3 to 
disintegrate. Thus, the system should not have too much heat inside the gap. For example, the heat from 
breakdown to generate ozone, the chemical energy interval is between 493.2 kJ/mol and 682.8 kJ/mol [1, 
2]. The unit can transform from mole to volume. Ideal gas has dotted model and has no strength to act 
each other. 1 mol of ideal gas is written in the relationship called gas equation, where n is amount of 
mole. Therefore, gas law is  
                                                                                      PV = nRT                                                               (1) 
Real gas is found that gas molecules have the size and strength among molecules called Van der 
Walls. This is a kind of gas’ quality. The approximate real gas equation is presented by Van der Walls in 
(2)
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where   V  is the gas volume: m3
             P is atmosphire pressure 
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             n is amount of moles 
             R is gas constant 
             P = 101.58 x 103 Pascal :Pa 
             T = temperature: K 
             R = 8314.3
Kkmol
mPa

 3
Define  P = 101.5 kPa, T = 300K , so  V = 24.55 m3/kmol 
            1 mol = 0.02455 m3
Thus,   493.2 kJ/mol is 20089.61 kJ/m3
            and        682.8 kJ/mol is 27812.63 kJ/m3
           where     1J = 2.78 x 10-4 Wh 
      Therefore, the necessary energy should be between 5.58 kWh/m3- 7.73 kWh/m3.  Because there is 
21% of oxygen in the air, the needed energy of 1.172 kWh/m3 – 1.62 kWh/m3 is sufficient to the 
occurring ozone in the gap. 
2.1  The suitable dimension for electrode tube. 
In high voltage electrical engineering, the suitable dimension is the design of smallest dimension in 
order to resist the highest voltage. For example, determination of outer radius electrode,r2 is close to inner 
radius electrode r1. The distance between outer and inner electrode tube is d = r2-r1. This is a little value 
that can make the breakdown easily. Decreasing radius of r1 makes the increasing distance ,d, cause more 
electric field stress at conductor’s surface. Until the break over is occurred, that causes the corona effect. 
Finding out the suitable value of r1 is between 0 and r2 that makes the highest withstand voltage without 
corona effect.  The equation for co-core cylinder electrode tube is 
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3. The designing of electrode tube  
3.1 Electrode tube designing for generating ozone gas 
The designing 2 layers co-core cylinder electrode tube is based on the principle of designing ozone gas 
quantity. The ozone gas well occur in the nonuniform electric field. Thus, the designing electrode tube of 
2 layer insulators is chosen because insulator permittivity is different. It is appropriate with nonuniform 
electric field that cause the electric field stress in each layer. Therefore, the design of 2-layer co-core 
cylinder is composed of :
x PVC, the first insulator, is chosen because it has so a little effect to generating ozone, where  
permittivity (H 1) = 5,  4.2 cm diameter and 25 cm length. 
x Air is the second insulator with permittivity ( 2H ) = 1  
x Cathode frilled aluminum in fillament coil inside of the pvc’s electric insulator is used. The
reason is aluminum has a high conductivity.  
x Anode is a cylinder stainless steel because stainless steel  does not effect to generate ozone gas,
where a diameter is 4.68 cm and length is 25 cm.  
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The electrode design is shown in Figs. 3 and 4. 
Fig. 2. The structure of electrode tube 
3.2 The calculation of electrode tube
From Fig. 1 shows the calculating of electrode tube at   "  =  30 cm , 1r   = 1.8 cm , 2r  = 1.92 cm , 3r
= 2.05 cm , 1H = 5 of PVC, and 2H = 1 of air 
The energy interval per volume is between 5.58 kWh/m3   and 7.73 kWh/m3 because there is 21 % of 
oxygen so the energy is 1.172 kWh/m3 – 1.620 kWh/m3 .
Air volume   =    "22rrr S         
                      =    251.234.2 2 uS   =  4.52 3cm
The energy per volume of 1.172 kWh / m3 ,
      W   = 63 1052.410172.1 uuu
            =  0.00529  Wh 
The energy per volume of 1.62  kWh / m3
      W  =  63 1052.41062.1 uuu
  =  0.00732 Wh    
Fig. 3. Structure of electrode tube 
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Fig. 4. Electrode tube with  PVC and air insulator 
From      W     =    dvEvol 2
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4. Test high frequency high voltage switching power supply  
The high frequency high voltage switching power supply is controlled by IC # TL494 [3]. Switching 
devices, Power MOSFET # IRFP460, are used in the flyback converter controlled by the PWM strategy 
from IC # TL494. The switching frequency is 30 kHz. The energy from inverter can transfer through a 
flyback transformer to produce high frequency high voltage supplying the electrode tube [2] as shown in 
Fig. 5. 
153S. Ketkaew et al. / Procedia Engineering 32 (2012) 148 – 154
Fig. 5. High frequency high voltage switching power supply [3] 


                                                                       (a)    (b) 
Fig. 6. Output voltage at 1.5 kVp of flyback transformer [3] 
4.1  The testing of breakdown voltage of electrode tube as Table 1 
The average value of breakdown voltage is 
VBreakdown =   
10
51.16     =   1.651  kV 
Use 1.5 kV because it is lower than breakdown voltage.  
4.2 The relationship between the power of converter, ozone gas quantity and Ammonia (NH3)
From the experiment, the controlling circuit has the switching frequency at 30 kHz, Vout = 1.5 kVp as 
shown in Table 1 
Table 1. The relationship between the power of converter, ozone gas quantity and Ammonia (NH3)
Frequency (kHz) Pconverter  (W) Vout (kVp) Ozone gas quantity (mgO3 /hr) Ammonia (NH3) (ppm) 
30 15 1.5 21.9 4.07 
30 25 1.5 56.8 3.93 
30 35 1.5 62.3 3.51 
30 45 1.5 81.5 2.72 
30 55 1.5 93.6 2.15 
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Fig. 7. The chemicals in testing and equipment set which used in the testing 
          
Where  parameters of  Table 1 are 
x frequency (kHz) is a frequency of  flyback converter 
x Pconverter (W) is the power of flyback converter 
x Vout (kVp) is the output voltage of high voltage switching power supply 
x Ozone gas quantity (mgO3/hr) is ozone gas is generated by ozone generator  
x Ammonia (NH3) (ppm) is Ammonia quantity of shrimp food production 
5. CONCLUSION 
From the experiment, the study of power changing, there is the effect towards the ozone gas 
production. The experimental results are the relationship between power of converter and the quantity of 
generated ozone gas. That is the more power of converter increases, the more quantity of ozone gas are 
generated, while testing at a high voltage on 1.5 kVp constant output and converter power at 55 W. Then 
the quantity of generated ozone can decrease Ammonia (NH3) from 4.07 ppm to 2.15 ppm in shrimp food 
smell. In the future, this technique could be utilized for other applications such as the environmental 
problems. 
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